Abstract. Blind channel estimation for MIMO-OFDM systems was discussed, and a subspace based blind channel estimation algorithm by re-constructing the received signal and its simplified one were proposed. The algorithm changed the channel matrix of the transfer function into a block Toeplitz high matrix exploiting OFDM cyclic prefix, and the channel estimation characteristic equation was obtained with the orthogonality between the signal subspace and the noise subspace of the reconstructed signal. In order to eliminate the influence of virtual carriers, the singular value decomposition of the equivalent transmit signal was imported. The simplified algorithm exploited a QR decomposition and Gram-Schmidt orthogonalization process aiming at reducing the complexity of obtaining the noise subspace. Simulation results illustrate the performance of the proposed algorithm via numerical experiments compared with the other one, and it's insensitive to overestimates of the true channel order.
Introduction
Channel estimation the pre-condition of coherent detection in MIMO-OFDM systems. Traditional method is to insert pilot in the transmitting data [1] . In order to improve frequency spectrum efficiency, blind channel estimation has become hot topic in recent years [2] ~ [7] . Among those blind algorithm, subspace based algorithm receives great attention because of its better accuracy performance [8] .
An OFDM subspace algorithm exploiting CP is proposed in [9] . Although with a good accuracy performance, it is not applicable to systems with existence of virtual sub-carriers. Traditional OFDM subspace based algorithm is expanded to MIMO-OFDM systems in [10] with slow convergence rate.
The paper pays attention to fast semi-blind channel estimation in MIMO-OFDM systems with existence of virtual sub-carriers. Learnt from [9] , a semi-blind algorithm based on received signal reconstruction and its simplified one are proposed.
Some notations are illustrated as follows: 
MIMO-OFDM System Model
Assume that the number of transmitting and receiving antennas in MIMO-OFDM system are respectively. Data to be transmitted is
x n k is the data on the k -th sub-carrier of antenna i in n -th OFDM symbol. Accordingly, the total n -th data to be modulated can be denoted
. n s is the modulated data after insertion of CP. Define 
So we have n n = s Γx . Channel model between transmitting and receiving antennas is denoted by FIR filter, and L is maximum channel order. The l -th channel coefficient is denoted by 11 12 1
We take n r as the received signal. Define
CN is the complex white Guassian noise.
Subspace Algorithm based on Received Signal Reconstruction

A. Algorithm Deduction
Devide n r , n s and n v into 3 sub-vectors: 
, and reconstruct the received signal according
are denoted as follows: 
[ ( ) ,..., ( 1) , (0) , (1) ,..., ( 1) ]
We have
Assume that all the transmitting data is mutual independent, we have 
The difference between h  and the actual channel is a invertible constant matrix which can be obtained through insertion of small amount of pilot [12] . 
B. Algorithm Description
. Define the following matrix:
In order to avoid all zero solution, add a limitation of 2 2 || || 1 
C. Simplified Algorithm
Calculate the noise space in a iterative manner. If ( ) n Φ is a constant matrix, we have [13] ( )
Finally ( ) n Q will converge to the eigenvectors corresponding to the main eigenvalues of ( ) n Φ . The updating of 
Simulation and Analysis
Unless otherwise noted, we choose The accuracy performance with different virtual sub-carriers is shown in Fig. 2 . We can see that the proposed algorithm can work well with different virtual sub-carriers.
Simulation 3: The accuracy performance of the proposed algorithm with different receiving antennas is shown in Fig.3 . The performance improves gradually with the increase of receiving antennas. The reason is that the number of the noise space's basis increases with the increasing of receiving antennas, which means a better anti-interference ability of the proposed algorithm. Fig. 4 . We take the CP length as channel order, so the number of channel coefficients to be estimated increases with the increasing of CP. Although the performance degrades slightly with long CP, the algorithm still works well, which means it is robust to channel order overestimation.
Simulation 5: The accuracy performance of simplified algorithm is shown in Fig. 5 , where SNR=40 dB, 2 J = .
Although the simplified algorithm's accuracy decreases slightly, it still has better performance compared with algorithm in [10] . The complexity of algorithm in [10] 
Conclusion
Exploiting the characteristic of CP, the proposed algorithm reconstructs the received signal and changes the channel matrix into Toeplitz high matrix. Although additional noise whitening and SVD decomposition are required, they are all system parameters related, which means no real-time calculation is needed. The simplified algorithm can effectively reduce the complexity through an iterative method. Simulations show that the proposed algorithm has better accuracy and convergence performance, and is not sensitive to channel order.
